Received for publication June 19, 1958 Altlhough the literature on the immunology of Pasteurella pestis is extensive, relatively little attention has been given to the immunological specificity of colonial variants. This may have been due to difficulties encountered in the propagation of pure nonsmooth variants, and for this very reason their serological specificity might be considered to be of minor importance; colonial morphology being dependent to some extent upon environmental factors for expression (Otten, 1936; Jawetz, 1940) . Until recently, serological techniques of sufficient delicacy to detect antigenic differences between smooth and nonsmooth variants have been lacking.
There has also been some confusion in applying the terms smooth and nonsmooth or rough, some workers designating antigenic differences and others applying the distinction only to morphology. Pirie (1929) separated morphologically distinguishable normal smooth and variant rough forms of P. pestis which differed in their biochemical, serological, and immunological characteristics. The nonvirulent rough form was ineffective as an immunizing agent in rats and guinea pigs. Rabbit antiserum prepared with this form was useless therapeutically. Schiutze (1932) found P. pestis to consist of two antigens: rough organisms consisting of rough soma only, and smooth cells containing an additional antigen, the envelope substance. The latter induced greater protection in guinea pigs (Schiltze, 1939 ) and a higher anti-envelope titer in rabbits. Schuttze could not distinguish 1 This work was sponsored by the Office of Naval Research, U. S. Navy, under a contract between the Office of Naval Research and the Regents of the University of California.
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Serological distinctions between smooth and nonsmooth variants and between strains of P. pestis have been uncovered, but slowly. Wats et al. (1939) employed agglutinin and agglutinin adsorption tests and, with the exception of one strain, could demonstrate no strain differences. Raffel (1953) states that serological variation among strains of P. pestis has not been found to occur, and that cell bodies are antigenically homogeneous. Ransom et al. (1955) , using the gel diffusion method of Oakley and Fulthorpe (1953) , compared the antigenic components of 5 strains of P. pestis and found 3 distinct serological groups, but these researchers did not extend their studies to differentiate between smooth and nonsmooth forms. Chen and Meyer (1955) , by a technique of double diffusion of reactants in gels, distinguished between avirulent, protective strain A 1122 and avirulent, nonprotective strains 14 and TRU. Davies (1956) used the Ouchterlony (1948 Ouchterlony ( , 1953 technique to define a lipopolysaccharide extracted from both smooth and rough strains of P. pestis. Crumpton and Davies (1956) (BAB, Difco) plates. Colonial morphology was recorded after incubation for 2 days at 28 C followed by 6 to 8 days at room temperature. Criteria for smooth and nonsmooth colony characteristics are described by Eisler et al. (1958) .
Immunized and control mice were exposed to aerosols of P. pestis in the apparatus of Leif and Krueger (1950) . Samples for quantitation of the infectious aerosols were collected by impingers into heart infusion broth (HIB, Difco) containing 0.1 per cent Dow-Corning antifoaming agent XEC-151. The viable cell numbers were determined. From the data so obtained the dose of P.
pestis per mouse was calculated as described by Rosebury (1947) .
Mice were challenged subcutaneously by the inoculation of 0.1 ml aliquots of the decimal dilutions of suspensions of P. pestis.
The inhalatory and subcutaneous LD5c for P.
pestis was determined in control mice by correlating the dose of viable cells and mortality on the Linearized Mortality Grid devised by Goldberg et al. (1954) .
Serological comparison of smooth and nonsmooth variants of P. pestis. Ouchterlony plates were prepared by the method of Crumpton and Davies (1956) . Live cell suspensions prepared from colonies on blood agar base plates were shaken with glass beads in physiological saline. These suspensions were subcultured for viable cell counts and for morphology. The colonial morphology of these subcultures was as follows: P. pestis strain Poona smooth, 100 per cent smooth; P. pestis strain Poona nonsmooth, 3.7 per cent smooth; P. pestis strain 53 smooth, 100 per cent smooth; P. pestis strain 53 nonsmooth, 3.5 per cent smooth. The antigens were diluted to equal concentration on the basis of total nitrogen determined by the method of Johnson (1941) . Photographs of antigen-antibody precipitin patterns were made with the aid of the dark field illuminator designed by Schutz (1958) .
RESULTS AND DISCUSSION
Comparison of immunological properties of smooth and nonsmooth variants of P. pestis in mice. Table 1 shows the resistance of mice inoculated with living, avirulent smooth and nonsmooth strains of P. pestis to inhalatory and subcutaneous challenge with P. pestis, strains 53 nonsmooth and Poona smooth. Both experiments showed the strain 62 nonsmooth to be a less efficient immunizing agent than the smooth variants. An exception was evident in the comparison of the resistance of mice inoculated with EV 76 with that induced by strain 62 nonsmooth and challenged subcutaneously with a smooth variant of strain Poona.
A more complete evaluation of immunizing properties of smooth and nonsmooth P. pestis was arranged in the following manner.
Groups of mice were inoculated subcutaneously with the suspensions described in table 2 and were equally divided for challenge with strain Poona smooth and nonsmooth. The number of lines formed in the plates was found to vary with changes in the ratio of antigen-antibody concentrations and with the time of observation.
Immunological and serological differences between smooth and nonsmooth variants of P. pestis provide additional evidence that some strains of the organism consist of two, possibly more, distinct morphological components.
